Introduction
have been clearly understood, scientists are not certain about most of nutritional factors in detail. This uncertainty is partly due to lack of a precise tool for intake assessment and partly related to the large variation of nutritional status in different societies (3) . On the other hand, the relationship between nutritional factors and cancer incidence is affected by genetic and environmental factors (4) , highlighting the importance of national studies on eating behaviors and nutritional intake. Therefore, nutritional risk factors for cancer should be determined in every nation with a valid instrument. Moreover, as food habits and cultures are different for every nation, dietary questionnaires should be developed especially for every food culture (5) . Assessment of dietary intake is a challenging task and needs appropriate instrument (5, 6) . There are several instruments for assessing food intake. The most frequently used are food records, 24-h recalls and food frequency questionnaires. Although food records and 24-h recalls are more accurate, they are too expensive. Moreover, they assess short time intake and nutritional information for longer periods is necessary for studying the association between diet and chronic disease (6) . Food frequency questionnaires (FFQ) are the most frequently used tools for assessing nutritional intake (5, 7) . Their popularity stems from their easy administration and low cost. Moreover, they assess long time intake in a single administration (6) . There are some valid Iranian FFQs, but most of them have been examined in specific regions of Iran and they are not assessed for accuracy in the entire Iranian population (8) (9) (10) . Moreover, FFQs usually investigate fewer details about cooking methods (11) which play an important role in tumor development. The National cancer institute of America has recently developed an FFQ-based food questionnaire named Diet History Questionnaire (DHQ) to assess seasonal intake, nutritional supplement and cooking methods in addition to food frequencies and portions sizes (12) . Translation and adaptation of DHQ and assessment of its validity have been done in different countries, including Japan and Canada (13) (14) (15) . However, it has not been translated in the low and middle-income countries, including Iran. We aimed to develop a Farsi version of DHQ and validate it for epidemiological studies in Iranian population.
Methods

Translating and modifying the DHQ
A group of experienced nutritionists translated the DHQ of the National Cancer Institute of America to Farsi language and modified it based on Iranian food habits and cooking methods. It was achieved by adding Iranian mixed dishes and omitting or adding some fruits, vegetables or snacks. Furthermore, some portion sizes and food intake frequencies were modified based on previous studies about food intake in Iran (8, 9) . The final DHQ consists of 146 main questions related to mixed dishes and food items like bread or fruits. Like the original DHQ, each main question in our questionnaire has two parts, consisting of multiple choice questions related to frequency and portion sizes. Consumption of seasonal foods like fruits is investigated in two questions, one of which asks in season and the other in other times of consumptions. Some questions were supplemented with questions related to fat content and cooking methods. The questionnaire is available on request.
Subjects
We recruited 244 healthy adults aged 19-60 yrs. from healthy individuals who were friends or relatives of patients in the Cancer Institute of Iran from April 2011 to February 2012. Cancer Institute of Iran is a referral cancer hospital and admits patients from most part of Iran (16) . Therefore, the patients in this center could be representative of the Iranian population, which makes it a reasonable place for studying cancer in Iranian. We recruited individuals from different age groups in 5-yr strata. All the individuals were interviewed by trained interviewers. The participants were recruited after evaluation of the study criteria and signing a written informed consent. Exclusion criteria were being on a special diet and being pregnant or lactating. Moreover, based on the study protocol, we planned to exclude subjects who reported a substantial change in diet during the study. The study was approved by Ethical Committee of Tehran University of Medical sciences (No.11360). Interviewer explained the study procedures and obtained a written informed consent from all research subjects.
Dietary intake assessment
Dietary intakes were assessed by an interviewbased DHQ and at least four 24-h recalls. We followed up the participants for a year and each participant performed at least one interview in every season and planned to perform the interviews on at least three weekdays and one weekend for each participant in order to consider more variability in the food intake. Recalls were converted to grams per day and proper codes of food composition table were allocated to each food by trained nutritionists in accordance with uniform procedures. DHQ data were converted to gr/day in separate programs developed by authors using the STATA software. Daily food intakes of both DHQ and recalls were inverted to energy and nutrient intakes using food composition table in an access program made by authors. The Iranian food composition table covers only raw foods and limited nutrients (17) . Therefore, we used the McCance and Widdowson's Food composition table (18) and supplemented it with the Iranian counterpart (19) for some special Iranian foods. We reported medians of intake estimated by DHQ, and means of 24-h recalls. Reliability was estimated by comparing data of the DHQ with mean intakes from 24-hour recalls by Spearman correlation coefficients (5). Nutrient intakes were adjusted for energy intake by residual methods. Since the reference methods like food record or 24h-recall are subject to day to day variation in dietary intake, the correlation between FFQs and recall data is usually underestimated (20) . Therefore, deattenuated correlation coefficients were estimated by Rosner and Willett' formula to modify the within-person variations in recalls (6, 21) . The ability of the questionnaire to properly classify subjects in a group of intake is the main characteristic of FFQ-based questionnaires, which represents their validity (22, 23) . Therefore, we classified subjects to tree dietary intake groups based on their DHQ and 24-h recalls. We probed if the DHQ allocated the subjects in the proper intake groups assuming that 24-h recall as the reference method. We assumed complete agreement if subjects were in the same group of intake by both methods; Adjacent agreement was if they were classified almost similar. for example, they were classified in medium intake by DHQ but in the higher intake group by 24-h recalls or vice versa; we grouped them as complete disagreement if they classified in the high intake group by DHQ and low intake group by 24-h recalls or vice versa. All statistical analyses were performed using the STATA software (Special Edition, Ver. 11.2, STATA Corp, Texas, and USA).
Results
We interviewed 244 subjects in the study. They consisted of 138 males and 106 females with a mean age of 42.83 ± 0.75 yrs. and were moderately overweighed (mean BMI was 25.29±0.8). They were mainly married and literate (Table 1) . Approximately 45 min was spent to administer the DHQ. As expected, the DHQ estimated energy and nutrient intakes higher than recall and men reported higher intake of energy than women in both methods ( Table 2) . Correlation coefficients of energy and nutrient intakes between the mean 24hour-recalls and DHQ are reported in Table 3 . Crude spearman correlations between DHQ and 24-h recall ranged from 0.17 for vitamin B12 and fat to 0.55 for carbohydrate. As expected deattenuated spearman correlation was slightly higher than the crude and ranged from 0.18 for vitamin B12 and fat to 0.60 for sugar. Males showed a correlation close to the entire study population.
Crude spearman correlations in males ranged from 0.12 for pantothenic acid to 0.44 for energy. Like the entire study population, deattenuated spearman correlations were slightly higher than the crude and ranged from 0.13 for pantothenic acid to 0.60 for sugar in men.
Crude Spearman correlations of the two methods were slightly lower in females and ranged from 0.07 for fat to 0.47 for sugar. Deattenuation mildly increased the correlation to 0.07 for fat and 0.58 for sugar. Deattenuated spearman correlations were equal to or greater than 0.5 for energy, carbohydrate, sugar and selenium. They were greater than 0.3 for protein, fiber, niacin, pyridoxine, folate, biotin, sodium, magnesium, potassium, calcium, zinc and iron. Considering the classification of individuals based on their intake, the DHQ places most subjects in the correct class. The complete agreement of methods ranged from 36% for carotene to 51% for selenium in the entire population; disagreements were really low, from 7% for carbohydrate to 19% for vitamin B12. As expected, the agreements were slightly lower in subgroups. The complete agreement ranged from 31% for niacin to 50% for energy in males and from 27% for vitamin B12 to 49% for sugar in females. Disagreement ranged from 9% for energy to 21% for niacin in males and 13% for selenium to 25% for iron in females (Table 4) . 
Discussion
In this study, we investigated the validity of DHQ for assessing energy and nutrients intakes compared to 24-h recalls among the Iranian population. Deattenuated spearman correlation between DHQ estimated intakes and recalls ranged from 0.18 for vitamin B12 and fat to 0.60 for sugar. The questionnaire is a valid instrument for assessing energy, carbohydrate, sugar, and selenium and has acceptable validity for investigating the intake of protein, fiber, niacin, pyridoxine, folate, biotin, sodium, magnesium, potassium, calcium, zinc and iron. In addition, the modified DHQ is a proper instrument for categorizing individuals based on their dietary intakes, which makes it a qualified tool in epidemiological studies.
To the best of our knowledge, this is the first study to validate a Farsi version of the DHQ among the Iranian population. Previous attempts examined the validity of FFQs in Iran; the most important ones were FFQ of Tehran Lipid and Glucose Study (TLGS) and FFQ of Gastro-Esophageal Malignancies in Northern Iran (GEMINI) cohort study (8, 9) . The interclass correlation coefficients between FFQ and reference method in TLGS were higher than ours. Although the number of subjects was substantially higher in our study (243 vs. 132), they collected twelve 24-h recalls which is much more frequent than what we did (9) . Increasing the number of reference method has a positive effect on the correlation between the reference method and the investigated questionnaire (24) . The second was an FFQ developed especially for individuals living in Golestan, a province in north of Iran. The correlation coefficients between FFQ and recalls in this study were higher than ours and ranged from 0.49 to 0.82. The number of recalls was much higher than ours, 12 recalls in a year, collected on a monthly basis (8) . Moreover, the study groups of both studies were familiar with dietary questionnaires. Both of these studies assessed the validity of FFQs in a specific region, which limits the generalizability of their results to other populations. In contrast, the subjects of our study were selected from a referral hospital in capital city of Iran, representing almost the entire Iranian population. About 40% of the patients in the Cancer Institute of Iran were referred from other provinces, indicating that the patients in the cancer institute can be seen as a cross representative of all Iranian cancer patients (16) . In spite of potential reservations, we believe that research subjects of this study can be considered as a representative group for Iran and DHQ can be used in most geographical regions of Iran. This assumption could be slightly biased as it will cover the people who live in a remote area and may not visit cancer institute in the capital city of Tehran because of socioeconomic reasons. The corresponding correlations for men in our study were similar to the entire study group and were slightly higher than those of women. Several validation studies have shown lower correlations in females (8, 9) . The lower validity in women may be explained by the fact that underreporting is usually more common in females (25) . However, part of this difference could be due to using same portion sizes for both sexes in questionnaires, where women report their food intake by different portion sizes. Some studies have diminished this problem by using different portion sizes for each sex or open questions for portion sizes (26) . There were some limitations in our study. The most important limitation was choosing 24-h recalls as the reference method. Recalls rely on memory, which is a source of error similar to FFQ. A great part of the literature suggests food record as the reference method (6). However, food record was not a proper method in populations with low nutritional literacy, such as Iran (8, 9) . Another limitation of our study was collecting all dietary data through interview. Interviews increase the costs compared to selfadministration. However, using selfadministered questionnaires was not a suitable approach in the Iranian adult population (8, 9) . Self-administered questionnaires are applicable only among literate and motivated individuals who are familiar with food intake assessment. Self-administration will cause selection bias in societies with low education (20, 27) . We used phone-administered 24-h recalls because our participants were living in different cities and it was not feasible to conduct face-to-face interview. This approach improved our ability to select subjects living in different parts of Iran without raising costs and selection bias. The validity of phone interview is close to that of face-to-face interview (23) . The DHQ estimated dietary intakes generally higher than 24-h recalls in our study. It is a common result in validation studies (6, 8, 9) , partly due to the large food list in FFQ, and could be diminished by energy adjusting. It should be reminded that FFQ is applied to rank individuals based on their intake; therefore, shifting all individuals intake to upper level, in the same manner, would not disturb their relations with diseases (6). Moreover, underreporting has been distinguished in recalls; for example, energy intake assessed by recalls is underreported compared to doubly labeled water (28) . In epidemiologic studies that attempt to clarify the role of nutritional intake in development of diseases, individuals should be ranked based on their dietary intake. Therefore, the ability of an instrument to place the individuals in their correct intake class is an essential part of its validity (6) . Hence, one of the strengths of our study is assessing the agreement of DHQ with 24-h recalls to allocate individuals to intake groups. In this regard, the disagreement was less than one-fourth of the study population, indicating that the DHQ is a suitable tool for epidemiologic studies. It was less than 16% in the validation study of TLGS FFQ (9) .
Conclusion
The DHQ demonstrated a good capacity to estimate intake of energy, carbohydrate, sugar and selenium and was properly valid for assessing protein, fiber, niacin, pyridoxine, folate, biotin, sodium, magnesium, potassium, calcium, zinc and iron. It perfectly ranked individuals based on their intake in terms of energy and most nutrients -an important characteristic that makes it suitable for epidemiologic studies, especially in case/control or cohort studies. The questionnaire and the program for analyses of nutrients are available on request.
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